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ABSTRACT 

Carbonyl compounds generated and accumulated in the peritoneal 
dialysate can be inactivated or eliminated by a carbonyl 
5 ' oomponnd-trapping agent such as aminoguanidine . Carbonyl compounds 
generated during sterilisation and storage of the peritoneal dialysate 
can be eliminated by pre-contact ing with the trapping agent . Furthqr , 
it is possible to eliminate carbonyl compounds transferred rrom the 
blood to the peritoneal cavity of the patient during peritoneal dialysis 

10 treatment/ by adding the trapping agent to the peritoneal. dialysate 
or by circulating nhe fluid through a carbonyl compound-trapping 
cartridge. Intraperitoneal protein modification by carbonyl 
compovnds is inhibited by the present invention / thereby sufficiently 
reducing peritoneal disorders associated with peritoneal dialysis 

15 treatment # 
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DSSCRIFTION 

CARBOKYL-STREISS IMPROVING AGENT AND PEEUTOQEAL DZALYSATB 

5 Technical Pield 

The present invention relates to a peritoneal dialysate used for 
treating patients with renal failure. 

Background Art 

10 Two types of dialysis, hemodialysis and peritoneal dialysis^ are 

used to treat patients with chronic renal failure • Peritoneal dialysis 
is a method in which the dialysate is allowed to dwell In the peritoneal 
cavity for a certain period of time , thereby facilitating the excretion 
of waste products out of the body into the dialysate through the 
15 peritoneum. The dialysate is then recovered. Peritoneal dialysis 
is subdivided into intermittent peritoneal dialysis (IPD) and 
continuous ambulatory peritoneal dialysis (CAPD). Capd is a method 
that incorporates the merits of the IPD method in which the fluid 
exchange is carried out about four times a day by lengthening the 
20 dwelling tijiie of the perfusate in the peritoneal cavity. 

peritoneal dialysis has advantages such as being. convenient and 
less time-consuming. However, it is known that long-teanm treatment 
with peritoneal dialysis can progressively lower the ability of water 
removal, and can result in abdominal protein denaturation and 
25 hardening, peritoneal fusion * and such abnormalities* 

A part of the cause is thought to be glucose present in the 
peritoneal dialysate « Many types of peritoneal dialysates used today 
contain glucose as an osmoregulatory agent. Glucose is unstable to 
heat, and a part thereof is degraded during heat sterilization. As 
30 a result, highly reactive carbonyl compounds capable of modifying 
proteins may generate as degradation products. Such degradation 
products may also generate and accumulate in a glucose-^containing 
I peritoneal dialysate even during storage that follows sterilization. 

Generally, glucose is apt to degrade at a nearly neutral or alkaline 
35 pH, and therefore, acidic buffers (ptt 5.0-5-4) are selected to maintain 
y^^R^^^the stability of glucose in ordinary peritoneal dialysates . However , 
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such acidic buffers carry risks such as suppressing ijnmunologieal 
defense mechanistn^ pf peritoneal macrophages r causing the onset of 
peritonitis due to bacterial infection, and being cytotoaric to 
peritoneal wesotbelial cells ^ To overcome such mutually 
5 contradic^bory problems, there was a desperate need to prevent 
generation of carbonyl compounds resulting from the degradation of 
glucose within peritoneal dialysates around a neutral pH^ or eliminate 
euob compounds ft 

On the other hand, a peritoneal diaXysate formulated with a high 
10 concentration of glucose can modify proteins, and. therefore, such 
dialysates are unfavorable for the peritoneum- Prom such a viewpoint , 
some peritoneal dialysates have been developed by utilising glucose 
polymers that generate few degradation products (Unexamined Published 
Japanese Patent Application (JP-A) NO, Hei 10-94598; Wiljcie, M.E* 
IS et al., perit. Dial.. Int., 17 t S47-50 <1997)). 

From the same viewpoint, other compounds have been proposed in 
place of glucope as osmoregulatory agents used in peritoneal 
dialysates. These include, > cyclodextrin (JP-A Hei 8-71146), 
disacafaaride (JP-A Hei 8-131541), and amino acids (Faller, etal., 
20 Kidney int., so (suppl.56), Sfll-as- (1996) )- A peritoneal dialysate* 
having cysteine as an additive to prevent the degradation of glucose 
has also been disclosed (JP-Jt He± 5-105633), 

These methods aim to improve inconveniences caused by the high 
concentration of glucose within the peritoneal dialysate. 
2S . It has been reported that, irrespective of the presence or absence 

of hyperglycemia, large amounts of highly reactive carbonyl compounds 
and A^ (advanced glycation end products) are aecuipiulated in the blood 
and tissues of patients with chronic renal failure (Miyata, t- et 
al-, Kidney Int., 5iai70^11Bl (1997) y Miyata^ etal.^ J- Am. Soo. 
Nephrol., 7t 119B-1206 (1996); Miyata, ?p. et al- , Kidney Int. 
54:1390-1295 (1998) ; Miyata, T. etal. , Jp Am. Soc. Nephrol. 9^2349-2356 
(1998)). Renal failure often accon^anies conditions having an 
overload of carbonyl compounds (carbonyl stress). This carbonyl 
stress results from non-enaymatic biochemical reactions to generate 
rbonyl compounds from sugars and lipids, which is thought to lead 
anced protein modifications ( Miyata #. T. et al., Kidney Int. 



30 
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55 :389-399 ( 1999 ) } • Carbonyl stress not only aXtere the architecture 
of matrix proteins such as collagen and fibronectin^ but also 
participates In the enhancement of peritoneal permeability and the 
onset of inf lanonatian due to the physiological activities of carbonyl 
5 cojopounds towards a variety of cells. 

In peritoneal dialysis, waste products in the blood are excreted 
into the peritoneal dialysate through the peritoneum* A hyperosmotic 
peritoneal dlalysate dwelling within the peritoneal cavity collects 
highly reactive carbonyl compounds accumulated in the blood of renal 

10 failure patients through the peritoneum into itself. Zhus, the 
carbonyl-compound concentration in the peritoneal dialysate elevates p 
resulting in a carbonyl-stress state* This is thought to cause 
carbonyl modification of proteins in the peritoneal cavity and as 
a consequence r the peritoneal functions are suppressed to advance 

IS peritoneal sclerosis. 

Immunohistochemical examination of the endothelium and 
mesotheliumr has demonstrated that the carbonyl-s tress state Ib caused 
by glucose present in the peritoneal cavity in peritoneal-dialysis 
patients (Yamada, K. et al.^ Clin. Nephrol.,. 42: 354-3,61 (1994); 

20 Nakayama, H. et alp^ Kidney int., Sis 182'<18& (1997); Hiyata, T. et 
al'*,. J. Am. Soc. Nephrol, in press; Combeti S. ,et al*, J«* Am. Soc. 
Nephrol, in prepa; inagi, R» et al* ^ J. Am« soc. Nephrol, in press) • 

Diacloaure, of the invention 
^^^^^^^^^^ ■ ■ ■ ' ~ 

25 An objective of the present invention is to provide a method for 

.reducing damage from carbonyl compounds during peritoneal dialysis / 
specifically for improving the carbonyl-stress state, as well as to 
provide a dialysate and pharmaceutical agent required for this method. 
The "carbonyl compound'' in the present invention means a carbonyl 
30 compound derived from patients undergoing peritoneal-^dialysis^ a 
carbonyl compound generated in the peritoneal dialysate during 
manufacturing or storing,. and a carbonyl compound generated in the 
peritoneal cavity during peritoneal dialysis . The present invention 
aims to minimize as much as possible the damages from these carbonyl 
35^^^^^rapounds on the patients undergoing dialysis » 

The present inventors have discovered that the highly reactive 
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carbonyl compounds present in the peritoneal dialysate in peritoneal 
dialysis patients are not merely those present in the original 
peritoneal dialysate that have been infused into the peritoneal cavity . 
Specifically, the amount of glqcose^-excluded carbonyl compounds in 
the peritoneal dialysate recovered fromperitoneal'-dialy^is patients 
is five times more than the, amount before dialysis, and thus # the 
majority of the carbonyl compounds is assumed to derive from blood 
(Fig* 1 ) • Therefore^ it has been revealed that the carbonyl compounds 
present in the peritoneal dialysate in the peritoneal cavity, include 
not only carbonyl compounds generated in the process, of heat 
sterilization and those that accumulate during storage, but also those 
that are derived from blood and those that generate and accumulate 
within the peritoneal cavity during dialysis, the latter two being 
not negligible. Inununohistochemical examinations of peritoneal 
tissue from peritoneali-dialysis patients have revealed the presence 
of carbonyl ^modified proteins ( Pig. 2 ) . Accordingly # if it is possible 
to remove carbonyl compounds transferred from the blood into the 
peritoneal cavity during peritoneal dialysis, the carbonyl-s tress 
state would also be effectively improved* 

The present inventors thought that renal failure should often 
accompany conditions in which in vivo protein modification was enlianced 
and that, when glucose was continuously infused at a high concentration 
into the peritoneal cavity by a method such as peritoneal dialysis, 
intraperitoneal proteins would be increasingly susceptible to 
non-ensymatic modifications due to the peritoneal dialysate in which 
peritoneal cavity-derived carbonyl compounds were accumulated (Fig. 
7). 

Based on such a background, the present inventors have discovered 
that a carbonyl compound-trapping agent is effective in preparing 
a dialysate capable of reducing carbonyl^ compounds of peritoneal 
dialysate origin, and thus, conqctleted the present invention. Focusing 
mainly on carbonyl compounds that accumulate within blood, the present 
inventors have further found that pharmaceutical agents that prevent 
protein modifications caused by carbonyl stress and such peritoneal 
^^'iysis-asBociated complications, are useful, thereby further 
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Specificity the present invention relates to a carbonyl-stress improving agent, and a 
peritoneal dialysate based t)^eon» as well as a phannapeMtical agent. 

According to a first embodiment of the present invention there is provided an agent 
for improving intraperitoneal caibonyl-stress state during peritoneal dialysis, compri^ng 
5 a caibonyl compound-trapping agent other than a cysteine or an SH group-containing 
compound as an active ingredient. 

According to a second embodiment of the present invention there is provided a 
cartridge used for trapping carbonyl compounds within peritoneal dialysates, wlierem the 
cartridge is fiUed with at least one of the caibonyl compound^tr&pphig agem(s) of the first 
10 embodiment. 

According to a thind embodimerit of the present invention there is provided a 

method for preparing a peritoneal dialysate having a reduced caibonyl compound content, 

the method comprising passing the peritoneal dialysato throusih the cartridge of the 

aecond or third embodtmentQ. 
IS According to a fourth embodiment of the present invention there is provided a 

method for preparing a peritoneal dialysate having a reduced carbonyl compound content, 

the method comprising: 

(a) contacting the peritoneal dialysate with the caibonyl compound- 

trqiping agent(s) of the first embodiment and 
20 (b) separating the peritoneal dialysate ftom the caibonyl compound- 

tr^ping agent. 

According to a fil)h embodiment of the present invention there is provided a 
peritoneal dialysate comprising a carbonyl compnund-trapping agent other than cysteine 
or an SH grot^p-containing compound. 
2s The present invention A^rther relates to a peritoneal dialysate prqiared by the 

method of the fourth embodiment. 

The present invention iurther relates to an agent when used for improving 
, intraperitoneal caibonyl^stress $tate during peritoneal dialysis^ the agent comprising a 
carbonyl compound-trapping agent other than a cysteine or an SH group-contauiing 
30 compound as an active ingredient. 

In the present invention, ^e carbonyl compounds to be trapped include, for 
example, carbonyl compounds generated in the processes of production and storage of a 
peritoneal dialysate* As described above, carbonyl compounds can always be generated 
in a peritonea] dialysate containing a high concentration of glucose as an psmoregulatoiy 
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agent Such caibonyl compounds include^ for exampl&i &e following coitqioimds 
(Richard, J. V. et aJ., Fund. AppL Toxic, 4: 843-853 (1984)): 

• 3-deoxygliicosone 

• 5-hydroxymefh)4fiirAiral (abbreviated hereafter ''S-HMF") 
s • fonnaldehyde 

• acetaldehyde 
■ glyoxal 

. - meth>1glyoxal 

• levuUnicacid 
10 • fbrfljral 

• arabinose 

In tbe present invention, a caibonyl compound-trapping agent is used throughout 
the dialysis, thereby achieving the removal of caibonyl compounds, as listed beIow» 
which am accumulated in tbt blood of a patient with renal fiiihire and are transferred info 
15 the peritoneal cavity following peritoneal dialysiis, as well as die removal of carbonyl 
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compounds generated in a peritoneal dialysate during its pro4action 
process and storage process. 

Carbonyl compounds derived from ascorbic acids 

- dehydroascorbic acid 

5 carbonyl compounds derived from carbohydrate^ lipids or amino 

acid: 

• glypxal 

• methylglyoxal. 

- 3-deQxygluco5one 

• 10 • hydroxy nonenal • ■ 

" malondiaJ^dehyde ' 

• acrolein 

A preferred carbonyl compound-trappijig agent in the present 
• Invention is one capable of completely inhibiting or. reducing the 

15 protein-modification activity of all the^e carbonyl compounds through 
a chemical reaction or adsorption; however the narbonyl 
compound-trapping agent also includes an agent effective merely for 
major carbonyl coxjipounds among these. For example^ methylglyoxal is 
believed to have a relatively high reactivity amoitg carbonyl compounds 

20 (BBB Thornalley, B.J., Endocrinol. Ketab. 3 (1996J 149^166; Inagi, . 
et al. , J. Am. Soc» Nephrol, in press; and Example 3)^ ^nd therefore 
it is of great pathophysiological significance to inhibit the activity 
of methylglyoxal. Consequently, a compound effective for 
raethylglyoxal can be 9 preferred carbonyl compound-trapping agent 

25 of the present invention. Specifically^ as indicated in Rxamples,. . 
compounds such as activated charcoal, guanidine^ aminoguanidine, 
biguanide, cysteine, and albumin are particularly effective carbonyl 
componnd^trapping agents for methylglyoxal. 

Although some carbohydrates used as osmoregulatory agents have 

30 been reported to be more stable than glucoser it is difficult to 
completely inhibit the generation of carbonyl compounds from these 
carbohydrates during heat sterilization and storage processes . Thus , 
the use of the carbonyl compound-trapping agent is meaningful in 
situations where carbohydrates other than glucose are used as 



35 osmoregulatory agents. Carbohydrates other than glucose usable as 
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Hei 7-3230B4), hydrolyzed etarch (JP-A Bei 8-B5701)^ xnaltitol and 
lactitol ( JF-A Bel 8-131541 ) , as veil as non-^reducing oligosaccharides 
and non-reducing polys accbar ides (JP-A Hei 10-9459B). 

Carbonyl compound-trapping agents of the present invention 
5 include compounds capable of inhibiting or reducing the damage due 
to carbonyl compounds towards dialysis patients by a chemical reaction 
or adsorption, and which per se is safe for the patients . Suoh compounds 
include those listed be^J^ow, The inventive carbonyl compound-trapping 
agent can be used alone of in combination of two or more types of 
10 compounds. 

» aminoguanidine (Poote, IE. P. et al.. Am* J. Kidney Dis*, 25: 
420^425 (1995)) 

± 2-isopropylidenehydra3ono^4-^xo-thiazolidin^5-yl- 
acetanilide (OPB-9195; Nafcamura, 1997; Diabetes 46:895-.899) 
15 Further, the carbonyl compound-trapping agent includes, for 

example^ the following compounds or derivatives thereof that are 
capable of functioning as a carbonyl compound^trapping agent, The 
"derivatives'^ indicate compounds having an atomic or molecular 
substitution ( B ) at any position as compared with the parental compound • 
.20 • (1). guanidina derivatives such as methylguanidine (Jp-a Sho* 
. 62^142114; JP-A She 62-249908; JP-A Hei 1-56614; JP-A Bei 1-83059; 
.7P-A Hei 2^156; JP^-A Bel 2-765; JP-A Hei 2-42053} JP-A Hei 6-93BD; 
Published Japanese Translation of International Publication 
5-505189), etc. 

25 (2) hydrazine derivatives such as' sulfonylhydrazine, etc. , 

(3) 5-merobered heterocyclic. compounds having 2 nitrogen atoms, 
such as pyrazolone (JP-A Hei 6-287179), pyrazoline (jp-A 
fleil0*167965), pyrazole (JP-A Dei 6-192089; Jp-A Hei6-29B737; JP-A 
Hei 6-»29B738), imidazolysine (JP-AHei 5-201993; JP-A Hei 6-135968; 

30 JP-AHei7-133264; JP-ABei 10-182460), hydantoin (JP-A Hei 6-135968) , 
etc* 

(4) 5-membered heterocyclic compounds having 3 nitrogen atoms r 
such as triaeole (OP^-A Hei 6-192089), etc. 

(5 ) 5-membered heterocyclic compounds having a nitrogen atom and 
35 a sulfur atom, such as thiazoline ( JP-*A Hei 10-167965) , thiazole (JP-A 

^^^'&S^^9315; JP-A Hei 9-59258), thiazoline (JP-A Hei 5-201993; JP-A 
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0ei 3-261772; JP^A Qei 7-133264; JP-A Hei 8-<157473), etc. 

( 6 ) S^membered heterocyclic compounds having a nitrogen atom and 
oxygen atom^ Buch w oxazole (JP-A Hei 9-59258), etc. 

(7) nitrogen-containing 6-nembered heterocyclic compounds such 
5 as pyridine (JP-A Hei 10-158244; JP-A Hei 10-175954), pyrijnidtne 

(Published Japanese Translation of International Publication 
7-500811), etc. 

(8) nitrogen-containing qondensed heterocyclic compounds such 
as indazole (JP-A Hei 6-287180), benzimidazole (JP-A Hei fi-305964), 

10 qainoline (JP-A Hei 3-161441), etc. 

(9) sulfpr- and nitrogen-containing condensed heterocyclic 
compounds such as ben^othiaeole (JP-A Rei 6-305964), etc. 

(10) sulfur-containing condensed heterocyclic compound such as 
benzothiophene (JP-A Hei 7-196498), etc. 

15 (11) oxygen-containing condensed heterocyclic compounds suoh as 

benzopyran (JP-A 8ei 3-204874; JP-A Hei 4-308586), etc. 

(12) nitrogenous compounds such as carbazoyl (JP-A Hei 2-156; 
JP-A Hei 2-753), oarbazic acid (JP-A Hei 2-167264), hydrazine (JP-a 
Hei 3-148220), etc. 
20 • ' (13) guinones such ae ' benzoguinone (JP-A Hei 9-315960), 
hydroguinone (Jp-a Hei 5-9 U4), etc. 

(14) aliphatic dicarboa^lic acids (Jp-A Hei 1-56614; JP-A Hei 
5-310565) 

(15) silicides (JP-A Sho 62-249709) 
25 (16) organogermanes (JP-A Hei 2-62885; JP-A Hei 5-255130; JP-A 

Hei 7-247296; JP-A Hei 8-59485) 

(17) flavonoids (JP^ABei 3-240725 r JP-A Rei 7-20fi838; Jp-A Hei 
9-241165; jqo 94/04520) 

(18) alkylamines (JP-A Hei 6-206818; JP-A Hei 9-59233|. JP-A Hei 
30 9-40626; Jp-A Hei 9-124471) 

(19) amino acids (Published Japanese Translation of international 
Publication 4-502611 } Published Japanese Translation of International 
Publication 7-503713) 

(20) aromatic compounds such as ascochlorln ( JP-A Hei ^-305959) , 
benzoic acid (wo 91/11997), pyrrolonaphthyridinium (JP-A Hei 

^'^^'^^58265), etc. 

PAGE2iM4rRCVDAT 12/15/2ira46:41:18PM^^^^^ 



DEC. 15.2004 3:53PM GRAY GARY GT NO. 534 P. 21/41 



10 



(21) polypeptides (Published Japanese Tran&Xatioa of 
International Publication 7-5Q0S80) 

(22) vitamins sooh as pyridoyamine (WO 97/09981)/ etc. 

(23) SH group-containing compounds such as glutathione, cysteine, 
5 N-acetyleysteine, etc* 

(24) SH group-containing proteins such as reduced albuminr etc. 

(25) tetracyclines (JP-A Hei 6^-256280) 

(26) chitosans (JP-A Hei 9-221427) 

(27) tannins (JP-a Hei 9^40519) 

10 (28) quaternary ammonium ion-containing compounds 

(29) biguanide agents such as phenCormin, buformin, metformin, 

etc. 

(30) ion exchange resins 

(31) inorganic compounds such as activated charcoal, silica gel, 
15 alumina^ calcium carbonate, etc^ 

O^he above compounds include those collectively Icnovn as Maillard 
reaction inhibitors. The Maillard reaction is a non-enzymatic 
glycation reaction between a reducing sugar such as glucose, and an 
amino acid or protein. Focusing on a phenomenon of brown coloration 
20 in a.mixture consisting of amino acid and reducing sugar upon heating , 
Maillard reported this reaction in 1912 (Maillard» L. C« , Compt. Rend. 
Soc. Biol., 72: 599 (1912)). This Maillard reaction is involved in 
brovn coloration of food during heating or storage, generation of 
aromatic components and taste, and protein denaturation . Therefore, 
25 this reaction haa been mainly studied in the field of food chemistry. 

in 196B, glycated hemoglobin (HbAlc), a micro fraction of 
hemoglobin, was identified in vivo, which was revealed to increase 
in patients with diabetes (Rahbar^S. , Clin. ckim» Acta, 22: 296 (1968) ) * 
These findings helped launch a wave of interest in the significance 
30 of in vivo Maillard reaction and the participation of the reaction 
in the onset of adult diseases such as diabetic complications and 
arteriosclerosis as well as the progress of aging. Agents inhibiting 
the in vivo Maillard reaction were explored intensively, resulting 
in the discovery of the above-mentioned compounds as agents inhibiting 
the Maillard reaction. 

However, it was not known that such Maillard reaction inhibitors 
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are capable of Improving carbonyl-stres& state in peritoneal-dialysis 
patients and inhibit peritoneal dialysis-associated complications 
caused by carbonyl stress r by eliminating carbonyl compounds derived 
from the peritoneal dialysate and from the blood* 
5 The inventive carbonyl compound-trapping agents include 

macro-molecular compounds such as ion exchange resins, or inorganic 
compounds such as activated charcoal, silica gel^ alumina, and calcium 
carbonate, as well as organic compounds . represented by the 
above-mentioned Halliard reaction inhibitors. Xhese compounds are 
10 agents trapping insoluble carbonyl compounds in the peritoneal 
dialysate by utilizing their carbonyl coiqpound-^adsorbing activity » 
These compounds r though known to be chromatographic carriers, were 
not known to be useful for improving the carbonyl-stress state « 
Adsorptive blood purifiers using activated charcoal have been 
15 in use for purifying blood in cases of drug poisoning or hepatic coma* 
. They were also used in auxiliary treatment associated with hemodialysis 
for the removal of various endotoxins, exotoxins, and vaeoactive 
substances that increase at the early stage of acute renal failvire 
Inmultiple organ failure. However, it has been unknown that adsorptive 
20 . blood purifiers are useful fpr removing- carbonyl compounds present 
in. the peritoneal dialy^ates or carbonyl compounds accumulated in 
the peritoneal cavity during the dialysis « 

JP-A Sho 58-169458 describes an invention relating to a peritoneal 
dialysate containing a solid particulate absorbent and a method of 
25 peritoneal dialysis using this peritoneal dialysate. According to 
the publication, the solid particulate absorbent is added for the 
purpose of eliminating creatinine and low-molecular-weight 
metabolites; however, there is no description of effectiveness of 
the absorbent for the elimination of the carbonyl compounds accumulated 
30 in the peritoneal dialysate or in the peritoneal cavity during dialysis . 
Further, the publication does not indicate nor suggest that the 
carbonyl-stress state of peritoneal-dialysis patients can be improved 
by the method of peritoneal dialysis. 

The composition of the peritoneal dialysate used as a base to 
jiS^V^jW^ch the inventive carbonyl compound-trapping agent is added, may 
be^'i^y conventional dialysate « A peritoneal dialysate generally 
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comprises an osmoregulatory agent, a buffering agent, and an Inorganic 
salt. The sugars ^s listed above are used as osmoregulatory agents* 
In view o£ ttia stability of glucose, a buffer agent giving acidic 
pK ( pH 5 . 0-5 , 4 ) is frequently used . Of course , when the osmoregulatory 
5 agent is not glucose, the buffering agent can be suitably selected 
to give a more physiological pH (pH of around 7*0). Alternatively, 
a product form has been designed, in which the buffering agent that 
adjusts pH at the time of use is packaged separately,* allowing the 
use of both glucose and a neutral pH« in the present invention, carbonyl 

10 compounds generated in the processes of heat sterilization and 
long-term storage are eliminated, enabling the preferable use of a 
buffer system capable of giving neutral pB* Such a formulation has 
previously b^en difficult because of the degradation of glucose. A 
peritoneal dialysate generally contains inorganic salts such as sodium 

15. chloride, calcium chloride, or magnesium chloride . xhese salts bring 
..peritoneal dialysates closer to physiological conditions, and are 
expected to give greater biocompatlbility . 

The inventive carbonyl compound-trapping agent can be added to 
a peritoneal d lalys ate of a known compos Ition at the time of formulation , 

20 and the formulated and sealed dialysate can be sterilized. by heating ; 
It is expected that the addition of the agent sufficiently prevents 
the generation of carbonyl compounds from the major constituents during 
heat sterilization. Alternatively, the peritoneal dialysate is 
placed in a compartmentalized container comprising a first compartment - 

25 and a second compartment; a reducing sugar is placed in the first 
compartment and the carbonyl compound-trapping agent is placed in 
the second compartment, and the two are mixed immediately before uset 
In this case, carbonyl compounds generated in the processes of 
sterilization and storage immediately bind to the carbonyl 

30 compound- trapping agent mixed » The excess carbonyl compound -trapping 
agents also trap blood-derived carbonyl compounds, after b^ing 
administered into the peritoneal cavity. a single carbonyl 
compound-trapping agent or a combination of multiple trapping agents 
may be added to the peritoneal dialysate, 

35^^jj^^There can be many types of methods for contacting a peritoneal 
^ dia^^ate with a carrier on which a carbonyl compound-trapping agent 
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is iimnobilized, or with carbonyl campound-trapping agents that are 
insoluble in the peritoneal diely3ate« For example i the peritoneal 
dialysate' is enclosed in a container where the carbonyl 
con^ound-trapping agent is immobilized inside/ or in a container 
5 carrying a . carbonyl compound-strapping agent immobilized on 
particulates or fibrous carrier^ f thereby trapping carbonyl compounde 
that generate and accumulate during storage, in the latter system/ 
the insoluble carriers can be separated from the peritoneal dialysate 
by filtration. Alternatively, a carbonyl compound-trapping cartridge 
10 is prepared by filling a column with carrier beads or fibrous carriers 
on which the carbonyl compound-trapping agent is immobilised ^ or with 
a carbonyl compound-trapping agent which per se is insoluble in the 
peritoneal dialysate. Then, the peritoneal dialysate is contacted 
with the carrier in the cartridge, and then the fluid ia infused into 
15 the peritoneal cavity • It is preferred that distilled water is 
. pre-f iiied in the cartridge to prevent air bubbles at the start of 
peritoneal dialysis # When the carbonyl compound-trapping cartridge 
is contacted with the peritoneal dialysate at the time of peritoneal 
infusion, although it is impossible to remove patient-derived carbonyl 
20 compounds that accumulate in the fluid during the dialysis, carbonyl 
compounds originally present in the dialysate- can be.. eliminated/ 
Alternatively / when peritoneal dialysis treatment is conducted by 
using a closed circuit where the peritoneal dialysate is circulated 
by a small circulating pump/ it is possible to attain the removal 
25 of not only carbonyl compounds originally present in the dialysate 
but also thpse that accumulate in the peritoneal cavity during dialysis , 
by installing within the circuit, the above-mentioned carbonyl 
compound-trapping cartridge containing carriers with immobilized 
carbonyl compound-trapping agent. 
30 There is no particular restriction on the carrier that is used 

fpr immobilizing the inventive carbonyl compound-trapping agent/ as 
long as the carrier is harmless to the human body and is sufficiently 
safe and stable as a material that is directly in contact with the 
peritoneal dialysate* The carriers include^ for example/ synthetic 
I^^U^^r naturally-occurring organic macro-molecular compounds/ and 



uganic materials such as glass beads / silica gel/ alumina r and 
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activated charcoa)., as well as these materials coated with a 
polysaccharide^ or synthetic polymer- Conventional modif ication? , 
reformations or denaturations can improve the permeability, drug 
opmpatihility, protective strength , adsorption capacity, orcarbonyl 
5 compound specificity of the carries on which the carbonyl 
compound- trapping agent, is immobilized, or the carbonyl 
compound-trapping agent, which per se is insoluble in the peritoneal 
dialysate* 

A carrier comprising a macromolecule is exemplified by a 
10 polymethyl nethacrylate polymer ^ polyacrylonitrile polymer, 
polysulfone polymer, vinyl polymer, polyolefia polymer, fluorine 
polymer, polyester polymer, polyamide polymer, polyimide polymer, 
polyurethane polymer, polyacryl polymer, polystyrene polymer, 
polyketone polymer, silicon polymer, cellulose polymer, chitosan 
15 polymer; specifically, polysaccharides such as agarose, cellulose, 
chitin, chitosaUf sepharose, dextran, etq. and derivatives .thereof , 
and polyester, polyvinyl chloride, polystyrenei, polysufone, 
polyethersulfone, polypropylene, polyvinyl alcohol, polyarylether 
eulfone, polyacarylic ester, polymethacrylic ester, polycarbonate, 
20 acetylated - cellulose, • polyacrylonitrile., polyethylene 
terephthalate, polyamide, silicone res in # fluororesin, polyurethane, 
polyetherarethane, and polyacrylamlde and derivatives thereof. The 
macromolecular material can be used alone or in a combination of two 
or more types of macromolecules. In the latter case, at least one 
25 of the macromolecules bears the carbonyl compound-trapping agent 
immobilised on it^ The immobilized carbonyl compound^trapping agent 
is used alone or in a combination of two or more types of compounds. 
The above-mentioned polymer material may be a polymer comprising a 
single type of monomer or a copolymer comprising multiple types of 
30 monomers • Further, the material may be treated by the addition of 
an appropriate modifier, or may be subjected to denaturation treatment 
such as radiation cross«-linKing or cross-linlcing using peroxide. 

There is no restriction on the shape of carrier. For example, 
the carrier can be membranous, fibrous, granular '^shaped, hollow 

ra^'^llW^like, non-woven fabrio^l ike, porous, or honeycomb-shaped ^ The 
carrf^^r's area of contact with the peritoneal dialysate can be 
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controlled by varying tne thicKness, surface area, diameter 1 lengthy 
shape, and/or aize of the carrier. Further, the carbonyl 
Gooqpound-trapplng agent can be immobilized on the inner wall of 
container, where the peritoneal dialysate is placed, and ^Iso within 
5 the circuit where the peritoneal dialysate is circulated* 

The carbonyl oompoundi-trapping agent can be immobilized on the 
above-mentioned carrier by using known methods, such as physical 
•adsorption, specific biochemical binding reaction, ion binding, 
cova lent bonding, grafting, etc. if necessary, a spacer can be inserted 

10 between the carrier and the carbonyl compound- trapping agent. When 
the carbonyl compound-strapping agent exhibits toxicity, the amount 
released becomes a vital issue . Thus , it is preferred that the carbonyl 
compound-trapping agent is imn)obili2ed on the carrier by covalent 
bonding so as to minimize the released amount, functional groups in 

15 the carrier are utilized for covalently bonding the carbonyl . 
compound-trapping agent thereto. The functional group is, for 
example, hydroxy 1 group, amino group, aldehyde group, c^rboxyl group, 
thiol group, silanol group, am.1jde group, epoxy group, succinylimino 
group, etc.; however, the functional group is not limited to these 

20 groups. The covalent bond isi for example, ester linkage, ether 
linkage, amino linkage, amid linkage, sulfide linkage, imino linkage, 
disulfide linkage or the like. 

Aconmercially available product , for example polystyrene carrier 
having sulfonylhydrazine groups (PS-TSNHNH2, argonjoit TECBNOLOGIES 

25 CO.), can be used as a carrier for immobilizing carbonyl 
compound-trapping agent- 

The carrier with the izmuobilized carbonyl compound^trapping agent 
of the present invention can be sterilized by an appropriate 
sterilization method selected from publicly known sterilization 

30 methods depending upon the types of carbonyl compound-trapping agent ' 
and carrier used. The sterilization method includes, for example, 
high-pressure steam sterilization, gaiuna-ray irradiation 
sterilization, gas sterilization, etc. a cartridge, which is filled 
with the insoluble carbonyl compound^trapping agent or carrier with 
^^f^^^obilized carbonyl compound-trapping agent, is connected with a 
ff^ . cd^j^^ containing the peritoneal dialysate to simultaneously 
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Sterilize both the cartridge and container. 

The carbonyl compound may be instiffioiently eliminated from the 
peritoneal dialysate when only a smal,! amount of carbonyl 
compound-trapping agent is in contact with the peritoneal dialysate. 
5 ' In general, it is hard to predict the quantity of carbonyl compound 
present in the peritoneal dialysis. Accordingly, the carbonyl 
compound- trapping agent is used as much as possible without 
compromising the safety in patients so as to maintain the maximal 
effect . The dose of carbonyl comppund-trapping agent can be controlled 

10 by altering the amount of carbonyl compound- trapping agent immobilized 
on the carrier or by altering the amount of carrier on which the carbonyl 
compound-trapping agent is immobilized at the time of use. 

The carbonyl compound-trapping agent can also be infused into 
the peritoneal dialysis circuit tbrough an appropriate mixing 

15 connector inetalled in the circuit, inthiscase, the carbonyl compound 
generated daring sterilisation and storage processes is trapped within 
the circuit. 

Further, the carbonyl compound- trapping agent can be directly 
administered into the peritoneal cavity and miyed with the peritoneal 
20 dialysate in the -peritoneal cavity.* In this case, carbonyl compounds 
derived fromthe peritoneal dialysate and from the blood are inactivated, 
in the peritoneal cavity* 

Furthermore, prior to the infusion of peritoneal dialysate to 
a patient, or while the fluid is dwelling in the peritoneal cavity, 
25 the carbonyl compound- trapping agent is administered to the 
peritoneal-dialysis patient by intravenoue injection or the like, . 
thereby successfully achieving the improvement of carbonyl-streas 
state in the peritoneal cavity. 

Preferred embodiments of the inventive peritoneal dialysate are 
30 specifically described below. 

The composition of the base dialysate is generally as follows . 
Glucose l-«5%w/v 
Sodium ion 100-150 meq 
Potassium ion 0-0.05 meg 
Magnesium ion 0-2 meg 
Calcium ion 0-4 meg 
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CbXoride Ion 80-150 meg 
Buffering agent 10-50 qM 

(organic acids such ae lactic acid^ citric acid, malic acidr 
acetic acid, pyruvic acid, and succinic acid) 
5 Thia ia only a general formula , and d more auitable compoaition is 
selected depending on the symptoms of the patient. 

The inventive carbonyl coijipound-trapping agent is added in an 
effective amount to the above- indicated ba&ic formula- for example, 
when aminoguanidine ia used, the concentration is 1 mH or higher, 

10 preferably 10 mM or higher, more preferably 10. wH or higher but not 
higher than 100 mM. * Xf the amount of carbonyl compound-trapping agent 
added is small, they might be used up for the carbonyl compounds 
generated in theproceaaee of production and storage • As a consequence, 
the trapping agent is unable to treat carbonyl compounds transferred 

15 to the dialysate from the blood and tissues of a patient during dialysis . 
Particularly, . it is bard to predict the quantity of carbonyl compounds 
transferred from the blood and tissues to the dialysate. Accordingly, 
thecarbonyl compound-trapping agent is used as muchas possible without 
compromising the safety oC a patient so as to maintain the iqa^im^l 
'20 . effect « .It ha? been known that aminoguanidine eachibits only a low 
toxicity to animals According to ^ Registry o f Toxic Effect of Chemical 
Subst'inces'' (1978), the half-lethal dose of aminoguanidine, which 
is ^ubcutaneously administered, is 1258 mg/kg in rat, or 963 mg/Kg 
in mouse* This compound is water-soluble* OPB*-9195 can also be added 

25 similarly, to a concentration of 1 mM or higher, preferably - 10 mM 
or higher, more preferably 10 mM or higher, but not higher than 100 
mM. 

The inventive peritoneal dialysate as formulated above is filled 
in an appropriate closed container, and subjected to sterilization « 
30 An effective steriliaation includes heat sterilization such as 
high-pressure steam sterilization, and hot water sterilization- In 
this case, it is important to use a container that releases no toxic 
substances at a high temperature^ and has enough strength to bear 
transportation after sterilization; A specific example of such a 
,35^ container is a flexible plastic bag kade of polyvinyl chloride, 

polyethylene I polyester, or ethylene^vinyl acetate 
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copolymer. Further $ to avoid the deterioration of the fluid resulting 
from the influence of the outside air« the container filled with the 
peritoneal dialysate may be packaged using a high gas barrier packaging 
material* 

5 Filner ^terilissation can be selected in place of heat 

sterilization. For example, the fluid is sterili2ed by filtration 
using a precision filter device with a membrane of about 0«2p*ftm pore 
size. This method is free of the generation of carbonyl compounds 
that result during heating. The filter-sterilised peritoneal 

10 dialysate la filled into a container such as a flexible plastic bag 
and then sealed. Decau3e the series of processes from sterilization 
to transportation does not differ from the preparation of current 
dialysatesf the inventive peritoneal dialysate can also be 
manufacturied by a* procedure comprising similar steps. * - 

15 When the sterilization is achieved by heat sterilization-including * 

high-pressure heat sterilization , as .long as thei carbonyl 
compound-trapping agent used i$ sufficiently stable to a treatment 
such as heating, the trapping agent may be added when the peritoneal 
• dialysate is formulated r prior to the heat sterilization process, 

20 This procedure reduces the generation and accumulation of 
. dialysate^derived carbonyl compounds during* heating* Of course^ the 
carbonyl compound-trapping agent also functions to reduce the 
generation and accumulation of carbonyl compounds during storage and 
peritoneal dialysiSp 

25 * When- the carbonyl compound^trapping agent used is unstable to 

heat sterilization r it can be sterilized by a method that does not 
require heating. Such sterilization methods include/ for example, 
filter sterilisation - Alternatively , the carbonyl compound-trapping 
agent may be adc^ed to a Bterilized peritoneal dialysate. There is 

30 no par1;icular limitation on the timihg of addition. For example , the 
carbonyl confound- trapping agent is preferably added to the fluid 
after sterilization ^ because in this case, the trapping agent can 
suppress not only the generation of carbonyl oompounds during 
peritoneal dialysis, but also the generation and accumulation of 
^Jt^^^ ^carbonyl compounds in the peritoneal dialysate during the storage 
j^^^'^^'^pkior to dialysis. 
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Alternatively r the carbonyl oompound-trapping agent can be added 
ijnmediately before peritoneal dlalyalB treatment or at the time of 
treatment. For escample, the base solution and the carbonyl 
compound'»trapplng agent are placed separately in the above-mentioned 
fle)Fible plaetie hs^g^ and such, before the treatment, and then,, the 
two are mixed together in eterile conditions at the start of peritoneal 
dialysis. To achieve thiSr a flexible plastic bag as disclosed in 
Unexamined published Japanese patent Application no. (JP--A) she 
eS'-lDHS, which comprises two compartments separated by a removable • 
partition, is suitably used. 

Alternatively, a connector for mixing is installed in the 
peritoneal dialysis circuity and the carbonyl oompound'^trapping agent 
can be infused through the connector. 

* * This type of preparation procedure for peritoneal dialyaates can 
be* used to prepare heat^stable carbonyl compound-trapping agents as 
well as heat-unstable ..carbonyl compound-trapping agents p 

Further, when peritoneal dialysis is conducted by circulating 
the peritoneal di^lysate in a closed circuit with a small circulating 
pump, a filter device filled with the carbonyl compound-trapping agent 
may be installed anyt^here in the circuits 

The peritoneal dialysate of the present invention can be used 
for a peritoneal dialysis treatment similar to a treatment using 
currently used peritoneal dialysates. specifically, a suitable 
amount of the inventive peritoneal dialysate is infused into the 
peritoneal cavity of a patient, and low-molecular weight constituents 
present in the body are allowed to trans f er into the peritoneal dialysate 
through the peritoneum* The peritoneal dialysate is circulated 
intermittently, and the treatment is further continued depending on 
thesymptoms of thepatient • During this period r the carbonyl compounds, 
as well as other substances such as creatinine, inorganic salt, and 
chloride ion^ transfer to the peritoneal dialysate from blood and 
from inside the peritoneum. At the same time, the toxic activity of 
carbonyl compounds is eliminated by the carbonyl con^ound-trapping 
agent, thereby rendering the compounds harmless. 
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Brief Description of the Drawings 

Figure 1 shows the amounts of carbonyl compounds present in 
peritoneal diaXyeatee and the effluent fluids. 

Pigure 2 shows a photograph of histological localization of 
5 carbonyl-ioodified proteins in the peritoneal tissue of a 
peritoneal-dialysis patient (in the top panel) and the corresponding 
scheinatic illustration (in the bottom panel )• in this figure, A 
indicates positive areas in the connective tissues, on which 
meaothelial cells had been present but have been re]iK>ved; B indicates 
10 positive areas on the thickened vascular wall. 

Figure 3 shows VEGP inRHA expression inmesothelial cells exposed 
to glyoxal, methylglyoxal, and 3-deoxyglucosone. Reverse 
transcription was performed on total Rna from cultured rat mesothelial 
oells inoubated with various concentrations (0, 100, 200, and 400 
15 i+M) of giyoxal (A) , 3-«deoxyglucosone (B) , or roethylglyoxal (C) • VEep 
andG3PDH cdnab were amplified by PGR for 30 and 21 cycles/ respectively, 
sxperiment s were performed in triplicate to calculate averages . Ratio 
of VEGP mRNA to G3PDB niRNA was calculated for the average of each 
experiment* " ?Pheaverage±S.D. of the three experiments is illustrated 
20 in the figure. *p<0,0ao5. 

Figure' 4 shows vpGF protein production in microvascular 
endothelial cells exposed to methylglyoxal . Human endothelial cells 
were cultured in the presence of various concentrations (0, 200, and 
400 pK) of methylglyoxal, and VEGP protein released into culture 
25 supernatant was quantified by ELISA. Representative data from thte 
three experiments are shown. The data are expressed as mean± range. 
*P<0-05, and **P<0»01, 

Figure 5 shows VEGFmRNA expression in endothelial cells exposed 
to methylglyoxal • Human endothelial cells were cultured in the 
30 presence of various concentrations (0, 100, 200, and 400 |l;M) of 
methylglyoxal. Vpsp and G3PDB cdnab were amplified by PGR for 30 and 
21 cycles, respectively. Experiments were performed in triplicate 
to calculate mean values. Ratio of VBGP mRNA to G3PDH mRNA was 
.calculated for the mean of each experiment • The mean±SpB. of the 
35 three experiments is illustrated in the figure. *P<0,05, **P<0.005, 
;&*»v--,^an^ ***P<O.00Ol/ 
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Figure 6 showe VEGP mRNA e^^pression in peritoneal tissues of 
rats given daily intraperitoneal loads of methylglyoxal for 10 days. 
VBGF and G3PDH mBNA expressed in peritoneums were amplified by RT-PCR 
for 28 and 16 cycles # respectively. Experiments were performed in 
5 triplicate to calculate mean values . Ratio of VEGF mRNA to G3P0H mRNA 
was calculated for the mean of each experiment. Xhe mean±S.D. of 
the three experiments is illustrated in the, figure. ^P<0.05. 

Figure 7 shows the generation process of carbonyl stress in the 
• peritoneal cavity of peritoneal-dialysis patient. 
10 Figure Q shows the effect of the addition of aminoguanidine on 

the generation of pentosidine following the incubation of the 
peritoneal dialysis effluent. 

Figure 9 shows thp effect of the addition of aminoguanidine on 
the generation of protein carbonyl following the incubation of the 
15 peritoneal dialysis effluent. 

Figure 10 shows the effect of the addition of aminoguanidine on 
the amounts of carbonyl compounds present in peritonecil-dialysis 
(CAPD) effluents from three peritoneal-dialysis patients (patient 
Ir' patient S, and patient K). 
20 Figure 11 shows the effect of the addition of aminoguanidine on 

the generation of 5-HMF within the peritoneal dialysate in an acidic 
pB range. 

Figure 12 shows the effect of the addition of aminoguanidine on 
the generation of S^^HMF within the peritoneal dialysate in a neutral 
25 ps range. 

Figure 13 shows, the effect of the addition of aminoguanidine on 
the amounts gf carbonyl cpmppunds within the peritoneal dialysate 
in acidic and neutral pH ranges. 

Figure 14 shows the suppressing effect of carbonyl 
30 compound- trapping beads added to the peritoneal dialysate on the 
generation of pentosidine. 

Figure 15 shows the carbonyl compound-eliminating effect of 
carbonyl compound- trapping beads added to the peritoneal dialysate. 

Figure 16 shows the carbonyl compound-eliminating effect of 
J^^'^^jStivated charcoal added to a dicarbonyl compound solution. 

Figure 17 shows the carbonyl compound-eliminating effect of 
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activated charcoal added the peritoneal dialysate* 

Figure 18 shows the trapping activity o£ gnanidine for glyoxal^ 
methylglyoxal, and 3-deoxygluooBone. 

Figure 19 shows the trapping activity of metformin, which is a 
5 hignanide, for glyoxal, methylglyoxal, and 3-deoxyglucoBone. 

Figure 20 shows the trapping activity of buformin, which is a 
biguanide, for glyoxal, inethylglyoxal^ and 3-deoxyglucosone. 

Figure 21 shows the trapping activity of phenfornin, which is 
a bigOanide, for glyoxal, methylglyoxalr and 3-deoxyglucosone, 
10 Figure 22 shows the trapping activity of aminoguanidine for 

glyoxal, methyl glyoxal, and 3-deoxyglucQsone* 

Figure 23 shows the trapping activity of cysteine, which is an 
SB compound, for glyoxal, methylglyoxal , and 3-deo^glucosone. 

Figure 24 shows the trapping activity of N^acetylcysteine, which 
15 is an SH compound, for glyoxal, methylglyoxal, and 3-deoxyglucosone«* 

Figure 25. shows the trapping activity of GSH, .which is an SH 
compound, for glyoxal, methylglyoxal, and B-deoxyglucosone* 

Figure 26 shows the trapping activity of albuminr which is an 
SH compound, for glyoxal, methylglyoxal, and 3-deoxyglucosane. 
-^P Figure 27 shows the suppressing effect of SH compounds added to 

Che. peritoneal .dialysate on the generation of pentosidine.. . 



Best Mode for carrying out the invention 

The present invention is illustrated more specifically below with 
25 reference to examples, but is not to be construed-as being limited 
thereto • 

Example I. Measurement of the amount of carbonvl compounds present 
in the pe . ritonealj. d4a4, y gat^ ... aDA - Pg . i^ltQqe^l di^lyqatp pJ^^J,^qnt 
30 In order to demonstrate the generation of carbonyl strfsss in the 

peritoneal cavity, the amount of carbonyl compounds present in the 
peritoneal dialysate effluent was measured according to the following 
experiment method. 

(i.) .Measurement of carbonyl compounds 
35^ After the peritoneal diailysate (Baatter Ltd.; Dianeal PD-2 2.5) 

^^^'^^^ been administered to a peritoneal-dialysis patient and had been 
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allowed to dwell in the peritoneal cavity overnight, the peritoneal 
dialysate effluent was collected from the patient • Aliquote ( 400 ^4l ) 
of both the peritoneal dialysate and the peritoneal dialysate effluent 
were separately mixed with a 400^^1 solution of O.S H hydrochloric 
acid containing 1.5 mM 2,4-dinitrophenylbydrazine (2i4-dnph) (wa]U) 
Pure Chemical Industries ^ Ltd.), and the mixture vaa stirred at room 
temperature for 3 0 minutes to react the carbony 1 compound with 2 , 4 -DUPH 
Subsequently, an aqueous solution of I M acetone (40 fil) was added 
to the mixture^ which was then stirred at room temperature for 5 minutes 
to remove excess 2^4-Dl?PH. The mixture was washed/three times with 
400 ]M,l of n-hexane. The aqueous layer was recovered and the absorbance 
thereof was measured at 360 nm in a spectrophotometric micropiate 
reader (Nippon Molecular Devices Co.; SPECTRAt!iax250) . 
*(ii) Preparation of calibration curve 

Aqueous solutions of various glucose concentrations were prepared - 
and the amounts of carbohyl compounds derived from glucose were measured 
by the same method as described in ( i) . A calibration curve of glucose 
concentration vs. concentration of carbonyl compound was prepared 
based- on this experiment. • • 

(iii) quantification of carbonyl compounds' . • 

Respective glucose concentrations of the peritoneal dialysate 
and peritoneal dialysate effluent wero measured by using a glucose 
assay kit (WakoPureChemioal Industriesi Iitd.; Glucose Cli-Testwako) . 
The amount of carbonyl compounds derived from glucose was estimated 
by using the calibration- curve. The amount of carbonyl compounds in 
the fluids was determined by subtracting .the amount of glucose-deriyed 
carbonyl compounds from the total amount of carbonyl compound in the 
sample solutions. 

The result obtained is shown in Fig. I. The peritoneal dialysate 
effluent, which had dwelled overnight in the peritoneal cavity, 
contained five, times more carbonyl compounds than the peritoneal 
dialysate prior to the administration did . This indicates the transfer 
of carbonyl compouAds from the blood into the peritoneal cavity. 
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Example 2 , HistQloqical localizatAon of carbonvl^inadif ied proteins 
in the peritoneum of a peritoneal-dlalysis_patieni: 

The localization of carbonyl compounds in peritoneal tissue? of 
a peritoneal-dialysis patient was studied by immunostaining using 
5 malpndialdehyde as the index. 

Peritoneal tissues from a peritoneal-dialysis patient 
(50i-year-old male with a five-year history of peritoneal dialysis) 
were processed by immunostaining according to the method of Horie 
et al» (Horiei K* et al-, J. Clin. Invest., lOO, 2995-3004 (1997))» 
10 The primary antibody used was a mouse anti-malondialdehyde monoclonal 
antibody. The results showed that intense positive signals were 
present in the connective tissue under removed mesothelial cells, 
and the signals were also present on the thickened vascular wall (Fig. 

15 Malcndialdehyde (NDA) is a carbonyl compound, which is generated 

by the degradation of peroxide lipid* • Therefore, immunostaining was 
carried out by using antibodie^ against 4-hydroxy-2-nonenal, a 
degiradation product of peroxide lipid other than hda^ and against 
carboxymethyllysine and pentosidine, which are generated by the 

20 oxidation of saccharides . The results showed that tbepositive signals 
werelocalized in the same areas as those shown in Fig ..2 . a?hese indicate 
thatf in the peritoneal tissues of peritoneal-dialysis patients, 
proteins are modified in association with the enhancement of carbonyl 
stress ' caused by the presence of degradation [iroducts of peroxide 

25 lipids and carbonyl compounds generated by the oxidation of 
saccharides. ... 

Rxamnle 3, Peritoneal cell damages bv methylglyoxal 

Decreased ultrafiltration of peritoneum by long-term peritoneal 
30 dialysis ha^ been taken as evidence for an augmentationof the peritoneal 
surface area available for diffusive exchange (Krediet RS, Kidney 
. int, S5i 341-356 (1999); Heijaburger O et al* , Kidney Int, 30: 495-^506 
(1990); Imholz AL et al.. Kidney Int, 43: 1339-1346 (1993); 
Ho-dac-PannekeetMMetal« , FeritDialint, 17 s 144-150 (1997) ) . Namely, 
^^.Njglucose in peritoneal dialysate flows out of peritoneal cavity by 




"^^lEusion, thereby decreasing the dialytic function according to 
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osidQtic pressure gradient . An increased vascular surface area within 
the peritoneum might also account for this . In addition , the vascular 
endothelial growth factor (VEG?) might play a critical role in this 
pathology. VEGP increases vascular permeability (Senger DR et al., 
5 Science 219: 983-<d85 (1983); Connolly DT et al., J Biol Chem, 264s 
20017-20024 (1989)), stimulates nitr.lc oxide (SO) synthesis and 
vasodilation (Rood JS et al., AnJ Physiol, 274: R1054-1058 (1998)), 
and induces inflammatory responses (Clauss M et al., J Exp Med, 172s 
1535-1545 (1990); Melder BJ et al., Nat Med, 2: 992-997 (1996)). 
•10 Furthermore, VEGF is a powerful angiogenic factor contributing to 
the recovery from vascular lesions (Thomas KA, JBiolChem, 271: 603-606 
(1996); Ferrara N et ai., Endocr Rev, 18: 4-25 (1997); Shoji M et 
al,, Am J Pathol, 152: 399*411 (1998)). Consequently, effects of 
glucose degradation products contained in dialysate on VB6F production 
15. were examined. 

<3-l> VEGF expression in peritoneum mesothelial and vascular 
endothelial cells cultured in the presence of glucose degradation 
I products 

Peritoneum was obtained from 6-week-old male CD'(Sp) igs rats 
20 .(Charles-River, Kanagawa, Japan). Mesothelial cells were. isolated 
based on the method of Hjelle et al. (Hjelle JT et al.. , Perit Dial 
Int, 9: 341-347 (1989)) and cultured in Dulbecco's mod.ified Eagle's 
medium (DMEM) containing 10% fetal bovineserwn. Themesqthelial cells 
at passage 7 to 10 were cultured for 3 hours in a COj incubator in- 
25 the preaence of various concentrations of glucose degradation products 
(glyoxal, methylglyoxal (Sigma, St. Louis, MO), or 3-deoxyglucosone 
(kindly provided from Fuji Memorial Research Institute, otsufca 
Pbaimaceutical coL, Kyoto, Japan). The expression of VEGF mRRA was 
analyzed by semiquantitative RT-pcR. Total rna was isolated from the 
30 mesothelial cells using Rneasy Mini Kit (Qiagen, Germany). Five 
micrograms of the RNA was reverse-transcribed using oligo(dT)i3.te 
primers (Gibco BRL, Gaithersburg, MD) with 200 units of Rt^ase H-free 
reverse transcriptase (Superscript ii: Gibco BRL) and PCR 
amplification was performed as described previously (Miyata T et al. , 
l^^^'S^ Invest, 93 s 521-528 ( 1994 ) ) . The sequences of the primers used 
Ih ^^^^f ^ amplification of rat VRGF were 5 • -ACTGGACCCTGGCTTTACTGC-3 • 

■■• . II 
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(59Q ZD KO: 1) and 5 • -TTGGTGAGGTSTGAtrCCGCATG^a * (SEQ ID NO: 2). The 
amplified product was 310 bp long* The primers used for the 
an^lification of rat glyceraldehyde-3-phosphate dehydrogenase 
(G3PDH) were 5 ' -CCTQCACCACCAACTGCXtOAGCCC-3 » (S8Q ID NOe 3) and 
5 5-i».GATGTCATCATATXTGQCAGGTT-3' (5EQ ID HO: 4) and amplified a 322 bp 
fragment. The G3PDn served as an internal RNA control tp allow 
comparison of rna levels among different specimens* Speciiiiens were 
amplified in a DNA Thermal cycler (Perkin Elmer Cetus. worworkr ct) 
to determine the suitable number of cycles consisting of 0 .& iqin at 

10 94''C, 1 min at 60*c, and 1-5 min at 72*'c. ' m preliminary experiments, 
reverse transcription and fcr an^lif ication were performed on various 
amounts of Bna for 16, la, 21, 25, 28, 31, and 34 cycles. These 
. experiments showed that, with 30 cycles of amplification for vegp 
mRNA and with 21 cycle of G3PDR mRMA amplification, PCR product signals 

15 were quantitatively related to input iu^a^ pcr products resolved by 
electrophoresia in 1 .5% agarose gel and stained with ethidium bromide 
were quantified by measuring the signal intensity with a quantification 
program (WIfl image). Experiments were performed for each glucose 
degradation product concentration. Messenger RNA was determined in 

20 • triplicate and the results were averaged for each experiment- A total 
of 3 to 4 independent exp^iments were performed for. e,ach-experimental 
condition . The results were averaged and expressed as mean±S , D . The 
statistical significance was evaluated by analysis of variance (ANOVA) . 
If a significant difference was indicated by this analysis, results 

2 5 obtained with diff erent. concentrations of methylglyoxal were compared 
by Scheffe's t-test.- 

At concentrations varying from 0 to 400 neither glyoxal nor 
3-deoxyglucosone modified VEGF expression (Figs. 3A and 3B) . Only 
methylglyoxal stimulated VEGF mRNA expression at a concentration of 
30 400 fM CP<0.0005) (Pig, 3C)- The sample RNAs that had not been 
revsrse«*transcr ibed did not yield the pcr product • All cells r^ained 
viable « Mesothelial cells were also cultured in the presence of higher 
concentration? of 3-deDxygluooGone (0.625, 2.5 ^ and 5 mH), showing 
a decreased viability (cell viability wae fiO , 55 , and 8% in the presence 
3^ 9f 0.625, 2.5, and 5 mH 3-deoxygluco8one, respectively). Because of 
^^^^decreased viability, VEGF mRNA expression could not be measured. 



h Hi 
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As a consequence of these observations , only methyXglyoxal was used 
in the sabsequent experimente. 

The release of VEGF protein into the culture supernatant was 
measured by ELISA for mesothelial cells cultured for 24 hours in the 
5 presence of various concentrations of methylglyoxal , Human 
microvascular endothelial cells were purchased from Kurabo (Osaka, 
Japan) and cultured in VE6P-depleted EGH^l medium (Takara, Tokyo, 
Japan ) . The cells were incubated with methylglyoxal in the same manner 
ais rat peritoneum mesothelial cells. The VEQf protein in the culture 
10 supernatant prepared in duplicate was quantified by enzyme- linked 
immunosorbent assay (ELISA) using a kit (Quantijcinej K&D Systems, 
Minneapolis, U3A) according to the attached manual* The experiment 
was repeated three times . The results were statistically analyzed 
as described above* • 
15 As a result, addition of methylgXyoxal to. the medium resulted 

in a dose-dependent increase of VEGF (Fig. 4)». No vbgf release was 
detected during in the absence of methylglyoxal. Name;iy, at protein 
level, methylglyoxal also dose-dependently stimulates the production 
and release of vegp. 
20 VEGP mRNA expression was then asseaaed in endothelial cells 

cultured in the presence of various concentrations (0 to 400 \M) of 
methylglyoxal. Experiments were performed ap those for rat 
mesothelial cells . However , primers used for human VEGF amplification 
were 5 ' •«GGCAGAATCATCACGAAGTG0TG-3 » (SEQ ID KO: 5) ' and 
25 5'-CTGTAG6AAGCTCATCTCTCC-3' (SEQ ID NOs 6). The amplif iisd fragment 
was 271 bp long. The same primers were* used for human and rat G3P0ll 
amplifications . The analyses revealed that vegf mRNA expression rose 
in a dose-dependent manner (Fig. 5). 
• <3-2> VEGF expression in peritoneal tissues of rats given 
30 intraperitoneal injection of methylglyoxal 

To further assess the biological effects of methylglyoxal on VEGP 
, mmiA- expression in the peritoneum in vivo, rats were given various 
• amounts of methylglyoxal into their peritoneal cavity for 10 days. 
Sixrweek-bld male CD (SD) IGS rats were given a daily intraperitoneal 
^^tnjection of 50 ml/kg ef a saline solution containing various 
{Jj^entrations of methylglyoxal for lo days . Peritoneum was isolated 
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frpm the parietal valle and investigated for VEGF mRNA expression. 
Experiments were performed as the above-mentioned in vitro experiments 
for ratmeaothelial cells » However r mRNA was extracted from peritoneal 
tissues with ISOGBN (Nippon Gene^ Tokyior Japan), in addition, PCR 
amplification was performed for 28 cycles for VEGP.mRMA and for 16 
cycles for G3PDH mRWA. 

As shown in Fig, 6, VfiGPmBNA express ion in samples of the parietal 
peritoneum increased significantly ( P<0 • 05 ) according to 
methylglyoxal concentratipn. On optical microscopy, the peritoneal 
tissue was unaffected: the number of vessels ^ the vascular wall, the 
interstitiom/ and mesothelial cells remained notmal. 
<3-3>VEGPandoarbpxymethylXyaine (CWt) imrounostaining of peritoneal 
tissue of long-term peritoneal dialysis patients 

The distribution of VEGP and carboxymethyllysine was examined 
15 by immunohistochemistry in the peritoneal tissues of nine peritoneal 
dialysis patients. Carboxymethyllysine is derived. from glucose 
degradation products such as glyoxal and a^deoxyglucosone (Miyata 
Tetal*, Kidney Int, 55: 389-399 (1999)), Ananti-carboxymethyllysine 
antibody was therefore used as a marker of glucose degradation 
20 product-modified proteins. 

Peritoneal, tissues were isolated, after obtaining informed 
consent, from nine non-diabetic peritoneal dialysis patients during 
catheter reinsertion (Table 1). Reinsertion was necessitated by 
catheter failure due to damage, incorrect position, and/or obstruction. 
25 NO patients, suffered from peritonitis . JJormal peritoneal tissue was 
obtained, during abdominal surgery # from two male subjects (48 and 
5B years old) with normal renal function. 

Two-(4-thiok peritoneal tissue sections were mounted on slides 
coated with 3-aminopropyltriethoxy silane (Sigma), deparaf fined, 
30 rehydrated in distilled water, and incubated with a buffer solution 
(.0.05 MTris-HCl (pH 7.2), 0.1 MNaCl) containing pronase (0.5 mg/fil: 
Pake, Glostrup, Denmark) for 15 min at room temperature. The slides 
were washed with PBS containing 0.5% Tween 20, blocked in 4% skim 
milk for 2 hours, and subsequently incubated with antl-VBGP rabbit 
SS^.IgG (Santa Cruz Biotechnology, Santa Cruz, CA) or anti-AGB mouse igG 
^^^^da K et al.. Biochemistry^ 35: 8075-8083 (1996)), the epitope 
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Of Which was earboacymethyZlysine (Mlyata !P et ai.. Kidney mt, 51: 
i;70-llBl (1997)), overnight in humid chainbers at The sections 

were washed and incubated with 1:100 diluted goat anti^rabbit igo 
conjugated with peroxidase or goat anti-mouse IgG conjugated with 
peroxidase (Oako) fo^: 2 hours at roon temperature, followed by the 
detection with 3,3' -diaminobenaidine solution containing 0 . 003 1 HaOj . 
periodic acid-Schiff staining was also perforwed for histological 
analysis, iimnunostaining was independently evaluated for signal 
intensity and distribution by two observers. 

Results are shown in Table m the table, "nDnTiall" and 
"nonnal2- indicate samples derived from the subjects with normal renal 
function and "PDl- to "pds- indicate samples derived from peritoneal 
dialysis patients, in the pictures of the peritoneal tissue of a 
representative long-teiiii peritoneal dialysis patient (PD6 in Table 
1), interstitial fibrosis, and thickening and hyalinosis of vascular 
walls were observed. Both VEGP and carboxymethyllysine co-loaalized 
in the mesothelial cells and vascular walls, m mesothelial layer, 
the signal with VEGP was weaker than that with carboxymethyllysine. 
Results were simUar for the eight other patients, m the normal 
peritoneal sample (normal2 in Table 1), in contrast with peritoneal 
dialysis samples, vegf was present only in the. vascular walls-, but 
was absent in the mesothelial layer. Carbojcymetbyllysine was absent 
in the mesothelial layer and the signal was very weak in the vascular 
walls. Observations were similar in another control normal sample. 
No immunostaining was observed when normal mouse IgG was used . Thus , 
the fact that VEGP expression in the mesothelial layers and its 
co-localization with carbojtymethyllysine are observed only in 
peritoneal dialysis patients suggests that the glucose degradation 
products present in peritoneal dialysate actually enhance VEGF 
production in uremic patients through peritoneal dialysis. 
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Tabto 1 . hnmunol^BiaetMnilpal ifeieciian CML and VEGF in peilonMl iwtuM of PD patiems 
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Xbe results mentioned above oonfirm that peritoneal dialysis 
patients are In carbonyl-s tress stare because of glucose degradation 
products or the like in peritoneal dialysate and further demonstrate 
for tha first time that methylglyoxal enhances vegf production in 
20 peritoneal oells. This suggests that at leapt, a part oc causes for 
decrease of peritoneal permeability by glucose degradation products 
contained in peritoneal dialysate is enhancement of VEGF production 
and angiogenic stimulation accompanied with it. 

25 . Example 4,. B ffect of a'carbonyl compound-itrappinq- agent added to 
dialysa te effluents f r.om_peritoneali-dialvsis patients 
<4-l> 

Pentosidine is an AGE structure, which has been seen to.aodnmulate 
20 times more in the blood of patiente with renal failure compared 
30 to normal healthy persons (Miyata, et al., J. Am. Soc- Nephrol./ 
72 1198-1206 (1996)). The inventors tested how amino guanidine 
addition influenced the increase of pentosidine and carbonyl group 
on proteins (protein carbonyl) when the fluid effluent from a 
peritoneal'-'dialysis patient was incubated at 37 ''C. 
3^^v^ An effluent .from a peritoneal^dialysis patient, which had been 
^ ^ centrifugedr and the resulting supernatant was 
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